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(57) ABSTRACT 

A system for reading a two-dimensional image, and for 
comparing the two-dimensional image to stored data repre- 
sentative of a known image. The optical scanning device 
comprises a sensor for capturing the two-dimensional 
image, which sensor includes a light source for projecting an 
emitted light towards the two-dimensional image and an 
optical assembly for foctissing light, which may be ambient 
and or emitted light from the light source, reflected from the 
framed two-dimensional image onto a CMOS or CCD 
detector for detecting the focussed hght, the detector includ- 
ing a photodiode array for sensing the focussed light and 
generating a signal therefrom. Aiming of the sensor to read 
the two-dimensional image is facilitated by a frame locator 
consisting of a laser diode which emits a beam that is 
modified by optics, including diffractive optics, to divide the 
beam into beamlets which having a spacing therebetween 
that expands to match the dimensions of the field of view of 
the sensor, forming points of light at the target to define the 
edges of the field of view, 

20 Claims, 10 Drawing Sheets 
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SYSTEM FOR READING TWO- 
DIMENSIONAL IMAGES USING AMBIENT 
AND/OR PROJECTED LIGHT 

This application is a coatinuation application of appli- 
cation Sen No. 8/444,387 filed May 19, 1995 and now U.S. 
Pat. No. 6,347,163, which is a continuation-in-part of appli- 
cation Ser. No. 08/329,257 filed Oct. 26, 1994, now U.S. Pat. 
No. 6,385,352. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a system and method for 
reading two-dimensional images. More particularly, the 
present invention relates to a system and method for reading 
a two-dimensional images, such as fingerprints, signatures, 
and photographs, using an optical scanning head and a data 
compression algoridim. 

2. Description of Related Art 

Two-dimensional images are capable of carrying valuable 
information for use in various applications. For example, 
two-dimensional images may provide personal identification 
(e.g., by a fingerprint) or a record of, for example, a person*s 
medical history. Therefore, two-dimensional images are 
extremely valuable for carrying and conveying information 
and data. 

Recently, optical scanners and readers have been devel- 
oped that can capture and decode two-dimensional images. 
Such optical devices scan or obtain a video "picture" of the 
two-dimensional image and process it using data compres- 
sion techniques to obtain decoded data representative of the 
image. This data can then be used in comparing the two- 
dimensional image to some known data generated from a 
known image to determine whether the decoded data and 
known data match. The known data can be encoded in a 
two-dimensional barcode symbology representative of the 
known image. 

Manipulation of data derived from two-dimensional 
images is useful in a number of applications. For example, 
when a person opens a bank account, the bank can scan the 
person's fingerprint and decode that scanned image into data 
representative of the person's fingerprint ("stored data"), 
which is kept on file by the bank and by other institutions. 
Moreover, the stored data can be encoded onto a card that 
provides access to automatic teller machines (ATMs). When 
the person wants to gain access to money stored in an ATM, 
the person is asked to insert his or her ATM card into the 
ATM and place his or her fingertip in contact with a 
sensor-containing glass in which the contrast is controlled 
electronically in front of an optical scanner located at the 
ATM. The optical scanner scans and decodes the person's 
fingerprint to obtain features (data) representative of the 
fingerprint ("new data"). This new data can then be com- 
pared to the stored data kept on file with the bank or obtained 
from the ATM card. If the new data matches the stored data, 
the person is given access to the ATM; if not, access is 
denied. The stored data can be encoded onto the ATM card 
by scanning the person 's fingertip and decoding the scanned 
information into a two-dimensional barcode symbology that 
represents the person's fingerprint. 

Conventional optical scanners for use with two- 
dimensional images are very expensive, however, due to the 
high cost of the components necessary to build such scan- 
ners. In conventional optical scanners for two-dimensional 
images, the most expensive component is the image sensor, 
which comprises a charge coupled device (CCD). 
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Accordingly, using CCDs for two-dimensional image sens- 
ing renders this technology not cost-effective for applica- 
tions where, for example, a large number of scanners are 
needed by a user with a relatively small business. 

5 Therefore, a need exists for a system and method for 
scanning and decoding two-dimensional images that permits 
the use of both a CCD sensor and sensor that is less 
expensive than a CCD sensor, that can perform data com- 
pression to process the image after scanning, and that can 

10 generate a barcode symbology representation of the pro- 
cessed image. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a system 
and method for scarming and decoding a two-dimensional 
image using an inexpensive optical scanning head that 
substantially obviates one or more of the problems due to 
limitations and disadvantages of the related art, 

20 Additional features and advantages of the invention will 
be set forth in the description that follows, and in part will 
be apparent firom the description, or may be learned by 
practice of the invention. The objectives and other advan- 
tages of the invention will be realized and attained by the 

25 system and method particularly pointed out in the written 
description and claims hereof, as well as the appended 
drawings. 

In an exemplary embodiment, the optical scanning device 
comprises a sensor for capturing the two-dimensional image 

30 and an LED array for projecting an emitted light towards the 
target, i.e., the two-dimensional image, all of which are 
moimted on a printed circuit board. The LEDs may be used 
for two purposes: first, to set the optimum distance of the 
target to the lens system, and, second, to illuminate the target 

35 during image acquisition. The LEDs used for these two 
functions may be the same sets or different sets of LEDs 
within the array. The LED array includes a plurality of 
LEDs, with each LED being oriented to emit light at a 
non-zero angle with respect to a center line running perpen- 

40 dicular to the front of the PCB. The LED orientation is 
selected to cause the light to diverge as it exits the firont of 
the device, creating a wider beam at the target than at the 
front of the exit window of the device. One method by which 
this may be achieved is by orienting each LED at an angle 

45 different from any of the other LEDs. Another method is to 
orient the LEDs on either side of the centerline at comple- 
mentary non-zero angles, i.e., the beam from each LED will 
cross the centerline at some point on its way out of the 
device. The sensor may also include optics disposed forward 

50 of the LED array for focussing and/or diffusing the emitted 
light at the target. Optics are also provided for receiving and 
focussing the light reflected from the target. The sensor 
further includes an image detector, either a CMOS 
(complementary raetal-oxide-silicon) detector or a CCD 

55 detector, for detecting at least a portion of the light reflected 
from the two-dimensional image. An iUumination detector 
comprising a photodiode or phototransistor may be included 
for sensing the reflected light from the target to establish 
exposure time to be used during image acquisition, and to 

60 determine if supplemental light is needed. A processor 
receives the output of the image detector for processing the 
sensed two-dimensional image to obtain an electrical image 
signal and the output of the illumination detector to control 
exposure and supplemental illumination, if needed. The 

65 processor, which may be a microprocessor or 
microcomputer, may incorporate software capability for 
automatic gain control, automatic exposure control, auto- 
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matic black level control and automatic calibration, as well illuminated. Where the laser provides edge markers as part 

as control of the light sources and detectors. For handling of the frame indicator function, typically, there are four 

large quantities of data as will be required in certain points of light, defining the four comers of a square or 

applications, the software for controlling the optical scan- rectangular field of view. 

ning device may further include a compressor function for 5 gj^j^p DESCRIPTION OF THE DRAWINGS 

compressmg the electncal unage data, the compressor 

employing a compression algorithm to obtain compressed Understanding of the present invention will be faciUtated 

image data. The software of the optical scanning device by consideration of the following detailed descnption of 

finally comprises a decoder for decoding the image signal to preferred embodiments of the present invention taken in 

obtain image data representative of the two-dimensional conjunction with the accompanying drawings, in which like 

l^^gQ numerals refer to like parts, and in which: 

In many appUcations, ambient light may be sufficient for 1 is a diagrammatic representation of a system of the 

illuminating the target to permit the detector to generate a present invention, 

high quahty image signal, however, in low light conditions, 2 is a diagrammatic view of a first embodiment of the 

the same detector may need a Hght source to supplement the optical scanning device of the present mvention showing 

u- * 1- u* J * u *u 1 * 1 r u+ * the LEDs, Optical module, and detector on a pnnted circmt 

ambient hght. To determine whether supplemental hght is u j • j **l A. * • *• u • «u 

jj.ii.j-j ... f Li .j board in accordance with the present mvention, showmg the 

needed, the photodiode or phototransistor can be located illumination nattern- 

close to the detector to determine how much light is actually ™^ » ^ ^ j- * -i. • x^jrrx 

• ■ .vj.. ..f.u'L.j. FIG. 3 illustrates the hght distnbution for a pair of LEDs; 

impinging upon the detector. The output of this photodetec- t-t^o a a j- • • c i - j ■ 1 

^ ^ il A J , A- -4 i ■ 1 «u e At FIGS. 4A-4C are diagrammatic views of a cylindrical 

tor IS amplined and converted to a digital signal, then ted to 1 j ui -i- ♦ . j 

, . , . , 1, . . 1 ^ c lens with a concave, convex, double radius output edge, 

the scanning device s controller to control the amount of ^^,1 4^ ^ cylindrical lens with a holo- 

supplemental lUummation provided by the LED hght graphic input edge; 



sources. 



FIG. 5 is an exploded view of an exemplary embodiment 
In a first embodiment, the present invention is a system of jens assembly of the present invention and an optical 

and method for capturing a new two-dimensional image 25 system ray trace; 

which may be compared to stored data representative of a pi^. 6A is a plot of a field curvature with field angle, and 
known two-dimensional image. The system comprises the pjQ 6B is a plot of percentage distortion with field angle; 
optical scanning device described above for capturing a new FIG. 7 is a plot of illumination uniformity as a function of 
two-dimensional image. The comparison operation is pro- ggld angle at the detector of the present invention; 

vided by a second processor to determine if the new image 30 piQ. ^is^ plot showing contrast reduction with depth of 
data matches the stored data. focus for various field angles; 

In still another aspect, the present invention is a system pjQ 9 ^ plot showing contrast for all spatial fi-equencies 
and method for generating a two-dimensional image from a at a distance of 5.5" from the optical scanning head of the 
scanned target which may then be compared to stored data present invention; 

representative of a known two-dimensional image TTie 35 pio. 10 is a plot showing resolution at various field angles 
system comprises a sensor as previously described for ^ ^^^^ ji^tance from the optical scanning head of the 

capturmg the new two-dunensional image, however, the present invention* 

emitted light can either be used to illuminate the target ■ t\ ^ w * • * c *u 

.T^ , - J. f f -J • Tu FIG. 11 IS a plot of resolution at given distances fi-om the 

image or it can be focused to form a frame identifying the , - u j r *u T • 

„,f„. „, ^ optical scanmng head of the present invention; 

field of view of the sensor. A cylindncal lens system 40 \.r^ li^j- 

disposed forward of the LED array focusses the emitted hght . a block diagram of an apphcation of the present 

into a Une of hght. Depending upon the orientation of the invention in which either embodmient of the optical scan- 
cylindrical lens(es), a line may be formed to illuminate the '^^"^ ^^^^ P^^^^°^ ^1^^^"^^°° *° ^^^^^ 
target two-dimensional image within a field of view of said ^°^P^^^ two-dmiensional images; 

sensor so that a reflected hght is reflected from the new 45 13A-13C are diagrammatic views of a spatial filter 

two-dimensional image. Alternatively, a vertical orientation ^^^"^g ^^'^^ cross-sht, and a circular apertures, respectively, 
of the cylindrical lens(es) provides two vertical lines of light FIG. 14 is a block diagram of peripheral units that can be 

for fi-aming the field of view to allow the user to aim the ^^ed in the present invention; 

sensor at the target, and the target image is illuminated by FIG. 15 is a diagrammatic view of a second embodiment 

ambient light. Either of the cylindrical lens apphcations can 50 of the optical scanning device of the present invention, 
also be achieved by directing an LED (or laser diode) toward showing the LEDs used for framing the image to be read, the 
a cylindrical mirror which reflects a plane of light that can cylindrical lenses, the optical module, and the detector; 
provide a line of light at the target, FIG. 16 is a diagrammatic view of a first embodiment of 

In the above described systems, the optical scanner may a fi-ame locator for the present invention; 

include optics for indicating the area of the target that falls 55 FIG. 17 is a diagrammatic view of a second embodiment 
within the field of view so that the device can be correctly of a frame locator for the present invention; 
aimed at the target image, or so that the target image can be FIG. 18 is a diagrammatic view of a third embodiment of 
moved to be within the device's field of view, i.e., a "frame a frame locator for the present invention; 
locator**. In addition to the vertically-oriented cylindrical FIG, 19 is a perspective view of a fourth embodiment of 

lenses to create frame lines using the LED hght, one or more 60 a frame locator for the present invention; 
laser diodes may be provided alone or in combination with piG. 20 is a block diagram of the signal processing 
diffraction gratings, binary optics, beam spUtters and/or hardware, 
mirrors to generate fines or points of fight to indicate the 

location of the edges of the field of view of the detector. The DESCRIPTION OF THE PREFERRED 

frame locator may be used alone, with only ambient hght 65 EMBODIMENT 
providing the means for scanning the target, or, in combi- An exemplary embodiment of the system and method of 
nation with the LEDs where the entire field of view is the present invention is illustrated in FIG. 1 and is desig- 
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nated generally by refereace numeral 100. As embodied and or battery 244, which provides electrical power to the 

shown in FIG. 1, the optical scanning device 100, which has detector 206, LEDs 202* and 202", and the control hardware, 

a front 116 and a back 118, includes a sensor 102, a The power source 244 is described in detail in U.S. Pat. No, 

compressor 104, and a decoder 106, all of which are used in 5,354,977, incorporated herein by reference. Forward of the 

reading a two-dimensional image 108. The system further 5 LEDs, either attached to the PCB 201 or mounted within a 

includes a processor 110 for processing the image and/or housing containing the PCB 201, is the window 204. The 

comparing image data representative of the two-dimensional window 204 is light transmissive and provides filtering, 

image 108 to stored data representative of a known image focusing and positioning of the light path of the illuminating 

112 to determine if the image data matches the stored data. beam incident upon the two-dimensional image 108 to be 

The known image 112 may be read by a scanner 114. The 10 reflected light carrying the intensity modulated 

two-dimensional image 108 can be any one of a variety of two-dimensional image signal is directed back to the lens 

images, including fingerprints, signatures, photographs, and assembly 212 and thereby to the detector 206. 

one- or two-dimensional barcode symbols. The present A phototransistor or photodiode 203 may be placed in the 

invention will be described in detail below. vicinity of the detector 204 to measure the amount of light 

A first embodiment of the optical scanning device 100 of 15 reflected from the target and seen by the detector 204 to set 

the present invention, particularly the sensor 102, is illus- exposure time for optimal contrast and clarity. In one 

trated in detail in FIG. 2. The sensor 102 may be formed on embodiment, the photodiode 203 is located on top of the 

a printed circuit board ("PCB") 201. As illustrated in FIG. 2, darkroom 210 near the detector 204 to provide the approxi- 

the sensor 102 includes an LED array 202 (made up of LEDs mation of light received at the detector. This information is 

202' and 202"), a window 204, and a detector 206. The LED 20 ^Iso used to determine if additional illumination is required 

array 202 is used to project emitted light towards the by the detector 204 to provide a clear image of the target, 

two-dimensional image 108. While more LEDs maybe used Referring to FIG. 20, the voltage signal generated by the 

for target illumination, the preferred embodiment of the photodiode 203 is amplified by amplifier 2014 and con- 

LED array 202 includes only two LEDs, with one disposed verted to a digital signal by analog-to-digital converter 2016 

on either side of the optical path of the detector. The LEDs 25 provide a digital representation of the iUumination level 

may be configured in a "V"-shaped, "U"-shaped, square or near the detector. This digital signal is conveyed by the data 

rectangular shaped (in a vertical plane with respect to the bus to be used by the custom logic to control exposure and 

PCB), or linear pattern in an orientation that results in illumination level. If the illumination provided by the ambi- 

projection of a light ray by each LED at a non-zero angle ent light is sufficient for the image detector to generate a 

with respect to a center line perpendicular to the front edge 30 clear image signal, there will be no need to activate the 

of the PCB, so that the beam increases in width at increasing LEDs for supplemental light. A threshold for minimum light 

distances from the front edge of the PCB. (Various configu- intensity required by the image detector will be translated to 

rations are illustrated and described in U.S. Pat. No. 5,354, a threshold voltage level from the photodetector 203, so that 

977 of the present inventor In each variation, the critical the controller can establish the need for supplemental illu- 

feature is that the beam increases in width as it progresses 35 mination prior to the scan based upon the signal firom the 

away from the front of the PCB so that images wider than photodetector 203. 

the widthof the window 204, or of the device's housing, can As illustrated in FIG. 20, the signal converter 214 

be read in a "snapshot".) The line of reference for describing includes hardware for carrying out various operations on the 

the orientation angles of the LEDs is shown as a dashed line signal output by the detector 206, including automatic gain 

in FIGS. 2 and 3, perpendicular to the front 116 of the PCB. 40 control (AGC) electronics 2001, a fast analog-digital con- 

This expanding or diverging beam makes possible the detec- verier (ADC) 2002, timing generator 2003, sample/hold (if 

tion of two-dimensional images that are wider than the not present in ADC), a FIFO (first in, first out), and the logic 

window 204 itself. The details and operation of the LED control for all of these components. The control logic is 

array 202 are described in U.S. Pat. No. 5,354,977, which implemented using appropriate size field-programmable 

patent is herein incorporated by reference. Alternatively, 45 gate arrays (FPGA's). As many components as possible are 

mirrors, or a combination of mirrors and lens effects, may be implemented by FPGA as custom logic 2004, e.g., hardware 

used to create a diverging beam, as may any other method UART (universal asynchronous receiver- transmitter), paral- 

of achieving divergence of the light beam at greater dis- lei port, and single-bit I/O's. The outputs of this grouping of 

tances from the window 204 or other point of exit from the devices and logic is provided to a microcomputer subsystem 

PCB, 50 which includes the microcontroller 2006, flash RAM 

An optical module 208 is disposed behind the window (random access memory) 2011, DRAM (dynamic random 

204. The optical module 208 has a light shield (dark room access memory) 2009 and a dynamic memory controller 

210), in which is contained a lens assembly 212 that filters (DMC), I/O (consisting of UART 2007, 8-bit parallel port, 

and focuses light reflected from the two-dimensional image 16 user/system single-bit I/O 2008), system bus interface 

108 (in FIG. 3) onto the detector 206. (The lens assembly in 55 logic, and all other necessary glue logic, collectively within 

FIG. 2 is shown with dashed lines to identify its location custom logic 2010. The system bus 2012 consists of at least 

within the dark room, while the top portions of the dark the following signals: power (+5V), ground, 32 bit data bus, 

room above the LEDs are not shown.) An exemplary lens 24 address lines, all CPU controls, system power signals to 

assembly 212 is iUuslrated in FIG. 5, which is described in indicate system state, e.g., idle, normal, interrupt signals, 

detail below. Referring again to FIG. 2, a signal generated by 60 system reset signals, and necessary miscellaneous signals, 

activation of the detector 206 by the reflected light is As many components as possible should be integrated into 

conveyed to a signal converter 214, which may comprise an the custom logic to optimize space on the PCB. 

analog filter and an analog-to -digital converter. A detailed The flash RAM 2011 is used to store (download) the 

diagram of the signal converter components is provided as application software for the system, and preferably has 

FIG, 20. ThQ signal converter 214 may be coupled to the 65 sufficient memory capacity to handle multiple software 

decoder 106, which is described in detail below. ITie signal routines for signal encoding and decoding. (For example, 

converter 214 may also be coupled to a D.C. power source data compression,) TTie DRAM 2009 receives digital data 
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directly from the detector 206 (by way of the logic control 
2004), permitting storage of an entire frame of essentially 
raw data, i.e., a "frame grabber" or snapshot, for preliminary 
evaluation of the system operation. The transfer of image 
data to the DRAM 2009 must be accomplished rapidly, on 5 
the order of less than 30 ms to permit system evaluation to 
occur frequently without impairing other system functions. 
While this transfer is being effected, the processor 2006 
should be able to perform a useful task to optimize system 
eflSciency, One way of achieving this is by employing a -^q 
FIFO which is written during the DRAM refresh cycle. 
During operation of the DRAM (non-refresh period), the 
FIFO can be written to, and a DMA transfer will be 
requested by the control circuitry when a sufficient number 
of bytes of data have been written into the FIFO. During the ^3 
accumulation of detector content in the FIFO, the processor 
2006 will have access to the DRAM through the system bus 
and can perform useful work on the portion of image stores 
in the DRAM. 

The control functions of the processor 2006 are 1) provide 20 
general utilities for software development such as program- 
ming the flash RAM, uploading the captured image to the 
host, downloading programs from the host, debugging, etc.; 
2) provide serial/parallel communication to a location out- 
side the system; 3) provide control for image capture; 4) 25 
provide general image processing tasks; 5) provide set-up 
and initialization functions; provide low battery detection 
function; 6) provide control for audible and visual good read 
indicators; and 7) run user specific code. 

The hardware components of the signal processor are 30 
commercially available and selection of appropriate devices 
would be apparent to those skilled in the art. In an exemplary 
embodiment, the processor 2006 is manufactured by IDT 
may be one of the following part numbers: 79RV3081E-25J 
or 79RV3081E-25PE DRAM 2009, of which 2 are used, is 35 
a 256x16 device made by NEC (part no. uPD42S4170 
LG5-A70), Toshiba (part no. TC514170 B), or Hyundai 
(part no. HY514170 BSLTC-70). Each of the two flash 
RAMs 2011 is a 256x16 device made by AMD (part no. 
Am29F400. The UART circuitry 2007 is available from 40 
Exar as part no. XR-16C450a. ADC 2002 is specified as 
8-bit, 20 MSPS, and may be obtained from Sony (part no. 
CXD2311R), Hitachi (part no. HA19211). Sharp (part nos. 
LH50506 or LH50506N). The AGC 2001 is available from 
Sony as part no. CXA1690Q. Vertical driver 2021 may be 45 
obtained from Sony (part no. CXD1267N), Sharp (part no. 
LR36683N), Texas Instruments (part no. TMC57253). The 
timing generator 2003 is made by Sony as part no. 
CXD2400R. The FIFO has a 2 K capacity and is made by 
DaUas as part no. DS2011R050. 50 

The LEDs for one- and two-dimensional scanners may be 
selected so that they emit light at the wavelength of approxi- 
mately 660 nm, red light within the visible spectrum. This 
wavelength provides optimal contrast for barcode scanning 
applications in which dark and light bars must be distin- 55 
guished. (For three-dimensional bar codes, two or more 
distinct wavelengths of light are selected, one of which may 
be 660 nm.) Infrared light also provides enhanced contrast, 
so that LEDs emitting light outside of the visible spectrum 
may be used. LEDs of differing colors may also be used for 60 
separating superimposed or intermixed colors, or to opti- 
mize contrast within the image. The optimum scanning 
wavelength may be determined by measuring several color 
and black and white codes of various types using a photom- 
eter. The incoherent light produced by the LEDs may be 65 
replaced by coherent light from laser diodes, helium-neon 
lasers or other coherent light sources, as long as the appro- 



priate mechanical means, such as a rotating reflective 
surface, are provided to spread or scan the spot to generate 
the light. Alternative light sources are described in U.S, Pat. 
No. 5,354.977. 

A sample test for two-dimensional image and barcode 
contrast measurement involves placing the targets in uni- 
form illumination (from a standard white light source) and 
measuring the photopic reflectance with the meter. The 
following references were measured: 

TABLE 1 



Target 


Reflectance (cd/m^) 


Standard white card 


330.0 


Standard black card 


14.0 


White bar 


300.0 


Black bar 


22.0 


Red bar 


97.0 


Blue bar 


114.0 


Green bar 


140.0 



Another consideration in selection of LEDs is based upon 
the detectors 206 to be used. The selection of the operational 
wavelength of an LED with a particular type of a CMOS or 
CCD detector 206 is determined by two parameters: (1) the 
spectral responsivity of the CMOS or CCD detector 206 in 
volts/lumen (V/L) or volts/watt (VAV), and (2) the total 
luminous flux output F in lumens (L) of the LED. The 
evaluation to determine the relative figure of merit between 
any combination of LEDs and detectors is given by the 
following equation; 

where V(X) is the detector spectral sensitivity in volts/ 
lumen/micron, and F(X) is the flux output in lumens/micron 
of the LED. The normalized relative spectral sensitivity is 
given in Figure 4-3 of the Sony data sheet for the ILX503, 
The flux output F is given by the maximum luminous 
intensity I^ (lumens/steradian) times a constant determined 
by the radiation pattern of the LED. The constant is the 
integration of the relative luminous intensity as a function of 
angular displacement. This constant of integration is pro- 
vided in the Hewlett-Packard data book (in FIGS. 7 and 8 
thereof) and is labeled as <t)^(0)/I^(O). The following LEDs 
were evaluated to determine the highest relative output 
voltage: 

TABLE 2 



LED 








<t>v(e)/iv(0) 




HLMA-CLOO 


590 


0.9 


1.3 


0.180 


.22 


HLMP-8104 


650 


0.7 


4.0 


0.115 


.32 


HLMP-8100 


650 


0.7 


0.7 


0.290 


.14 


HLMP-8150 


650 


0.7 


15.0 


0.016 


.17 



(♦Becaxise the CCD is optically filtered, the expression for can be 
approximated by a delta function.) 

For the purposes of the optical scanner described herein, the 
HLMP-8104 was found to be the most efficient for CCD 
applications, offering 1.5 times the output of the next lower 
LED at 650 nm. Additional factors that may be considered 
are cost and power consumption. Other LEDs may be used 
including those manufactured by Sharp as part number 
GL5UR3K1. Tests similar to the above can be used to 
identify the most efficient light source for CMOS detectors. 

With reference to FIG. 5, a spatial filter or aperture 512 
may be included within the optical module 208, disposed 
adjacent to or even integral with the lens assembly 212. 
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FIGS. 13A-13C illustrate various embodiments of the spa- 
tial filter 512. As shown in FIG. 13A, the spatial filter 512 
may be an air slit 1602 with an orientation and configuration 
corresponding to the shape of the image or barcode being 
scanned, or can be a circular aperture 512" as illustrated in 
FIG. 13C. For a one-dimensional barcode, the single slit 
1602, as illustrated in FIG. 13A, is used. The slit 1602 is 
oriented vertically so that it is perpendicular to the direction 
in which the barcode is scanned. For two-dimensional 
barcodes and other images, the spatial filter 512' may have 
a crossed slit pattern 1604, as shown in FIG. 13B. The 
horizontal and vertical slits of the crossed slit pattern 1604 
may each have the same dimensions as the single slit 1602, 
or the dimensions of the vertical and horizontal sHts may 
differ from each other. Alternately for the two-dimensional 
and for a three-dimensional scanner, a single circular aper- 
ture 1606 for the spatial filter 512" may be used. 

Referring now to FIG. 5, the light absorber/diffuser 516 is 
in the form of a cone or funnel, i.e., decreasing diameter, 
having an aperture with its wider end facing towards the 
detector end of the lens assembly 212. The funnel absorbs 
extraneous scattered and diffracted light which is not part of 
the signal. 

The bandpass filter 510 serves to block any radiation 
which falls outside of a wavelength range centered around 
the wavelength emitted by the light source, e.g., 660 nm for 
red LEDs, in the IR range for infrared light sources. For a 
visible light system, it is particularly desirable to filter the 
infrared and other visible portions of the hght spectrum that 
may reach the window 204 from the sensing region to 
provide optimal contrast. This improves resolution of 
images read at a distances other than the best focus object 
distance of 5.5 inches. In the embodiment using LED light 
sources emitting at 660 nm, the filter specifications call for 
a center wavelength of 655 nm±6 nm, half bandwidth points 
(HBWP) of 50 nm±5 nm, average transmittance (HBWP) 
>70%, leakage of less than 2% below 600 nm and above 700 
nm, and coverage to 1 mm from all edges. The filter 
substrate material can include BK7, fused silica, quartz or 
Coming 7059. 

When the only light source used is the LEDs, the window 
204 comprises a bandpass filter centered at approximately 
660 nm (for the visible light scanner) and a light 
homogenizer/diffuser. The window 204 may be combined 
with, or separate firom, a cylindrical lens 404, which focuses 
the light along one axis to form a plane of light, with a line 
of light being created at its focal point. When an image is 
scanned, at the precise focal point of the cylindrical lens 404, 
the maximum possible hght will be reflected to the detector 
206. The function of the window 204 is to suppress radiation 
noise from the LEDs, to form a homogeneous incident beam 
for illumination of the two-dimensional image 108, to col- 
limate the beam, and to filter the reflected light by removing 
extraneous light which falls outside of the predetermined 
acceptable bandwidth range of 660 nm. Where ambient Hght 
is used, either alone or in combination with LED 
illumination, a window transmissive of all visible 
wavelengths, or no window at aU, is used. 

The cylindrical lens 404 may be modified to provide a 
uniform distribution of light at the focal point without 
requiring any diffusion by the window 204. This "bomog- 
enization" is provided by knurling or scalloping the input 
side 1302 of the cylindrical lens 404, as shown in FIGS. 4A 
and B. Each step 1304 in the knurled edge 1302 acts as a 
"mini- lens" that spreads the light entering the cyhndrical 
lens 404 at that point, llie spread light from each mini-lens 
overlaps other spread light to homogenize the light at the 
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focal point of the cylindrical lens 404. The focal point of the 
cylindrical lens 404 is determined by the outer edge 1306. 

Alternatively, and in the preferred embodiment, the input 
side 1312 of cyhndrical lens 404 has a film 1314 with a 
holographic pattern formed on its surface, as shown in FIG. 
4D. This holographic pattern diffuses the light upon entry 
into the lens, so the light is homogenized, as above, before 
being focussed. 

In conjunction with the knurled input side 1304 or holo- 
graphic fihn 1314, the output edge 1306 of the cylindrical 
lens 404 can be either concave or convex. The concave edge 
1306 is shown in FIG. 4A, and the convex edge 1306' is 
shown in FIG. 4B. The concave edge 1306 is selected for 
scans of two-dimensional images at distances from contact 
to 3 inches. The convex edge 1306' is used for scan distances 
greater than 3 inches. 

Another modification of the cylindrical lens 404 is illus- 
trated in FIG. 4C. Here, the cylindrical lens 404 has a double 
radius, which creates, in effect, two separate cylindrical 
sub-lenses 1308, 1310, each with a different focal length. 
The light emitted by the LEDs will be focussed by both 
sub -lenses 1308 and 1310 so that two different lines of 
focussed light are created at different angles from the lens. 
This lens provides greater variability in the distance at which 
a image can be accurately read without requiring a change 
in the cylindrical lens 404 or compromise in the strength of 
the signal. 

As illustrated in FIG. 3, there are two cylindrical lenses 
404, one disposed in front of each LED, 202' and 202". In 
this embodiment, the cylindrical lenses are oriented verti- 
cally with respect to the PCB 201. (FIG. 15 provides a good 
perspective view of this.) The result is the formation of two 
vertical lines of light at the focal points of the cylindrical 
lenses which are then used to frame the image at target 108 
to be scanned. The LEDs in this case are not the primary 
Hght source for illuminating the target. Instead, the use of a 
CMOS detector permits ambient light to be used. Additional 
means for firaming the image, i.e. "frame locators", will be 
described in detail below. 

In order to optimize the combination of LEDs and lenses 
in the first embodiment, several raidometric measurements 
were made on the HP-8103 5 mm LED to make observations 
on the coupling efficiency of this LED with several off-the- 
shelf lenses. The LED was biased to 20 mA and the 
following was recorded: 

TABLE 3 



[Hstance 




Readinc in eV 


(inches) 


Lens 


Center Line 


1.0 


no lens 


30.0 — 


16.0 


no lens 


8.0 — 


7.0 


1 cylindrical 


8.5 5.0 


1.0 


1 cylindnca] 


10.0 6.5 


6.0 


1 collection/ 


6.2 6.0 




cylindrical 





The conversion fi"om e V to luminance is given in Table 4 
for the Minolta photometer. The units are candel/m^ which 
is equivalent to lumens/sr-m^. From these measurements, it 
would be reasonable to assume a luminance of 10.0 cd/m^ 
for distances of 7" or less. 
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TABLE 4 



eV 




1 


0.28 


2 


0.56 


3 


1.10 


4 


2.20 


5 


4.5 


6 


9.0 


7 


18.0 


8 


36.0 


9 


72.0 


10 


144,0 



5 



10 



The objective of the optical system design is to achieve ^5 
suflScient resolution at the object distance within the depth of 
field. These parameters may be obtained with a number of 
different lens combinations ranging from three to five or 
more lenses. After computer simulation of ray traces, a 
combination of four lenses selected to provide the desired 
performance. In the preferred embodiment, the overall opti- 
cal system specification calls for an object distance of 175 
mm, a nominal magnification of 0.32, a nominal ^number of 
26.0, effective focal length of 36.52 mm, total field of 26.5 
degrees, track length of 19.49 mm, and overall length of 
46.89 mm. The MTF at best focus is >0,5 at 25 lines/mm. 25 

Referring now to FIG. 5, a preferred embodiment of the 
optic module 208 is shown, having four lenses 502, 504, 
506, and 508 within lens assembly 212 (see FIG. 2), all of 
the lenses being retained within the dark room 210. The 
selection of the four lenses forming the lens assembly 212 30 
depends on the desired reference plane, i.e., the desired 
depth of field, which is the distance between the front 
window or diffuser 204 and the image 108 being read. The 
lens assembly 212, illustrated in the ray trace in FIG. 5, 
comprises a bi-convex lens 502, a piano -convex lens 504, 35 
and a bi-concave lens 506 followed by a bi-convex lens 508. 
The lenses 502, 504, 506, 508 may be coated with an 
anti-reflection coating and/or a pass band coating to mini- 
mize reflectance at the interfaces between the adjacent 
lenses and at the ends of the lens assembly 212. 40 

Table 5 lists the individual specifications that were iden- 
tified for each lens in the preferred embodiment. 



TABLE 5 



Lens 


Focal Length 


Total Track 


32 


14.20 mm 


3.63 a: .03 mm 


38 


-32.11 mm 


.60 ± .03 mm 


36 


-12.86 mm 


1.66 ± .03 mm 


40 


35.18 mm 


1.41 ± .03 mm 



50 



All lenses are made from BSC7 with a refractive index of 
1.514 at 660 nra, have an aperture stop diameter of 1±1 mm 
with a tolerance of ±0.05 mm and have a single layer 
anti-reflective coating at 660 nm. The values will vary if a 55 
different wavelength of light or different combinations of 
lenses and/or material are to be used, and the above speci- 
fications are provided as an example of one way of achieving 
the desired optical performance. Selection of appropriate 
lens combinations is within the level of skill in the art so 60 
long as the guidelines provided herein are followed. The 
following descriptions of the plots provided in the drawings 
are intended to emphasize the numerous considerations in 
selecting the appropriate optical system, 

FIGS. 6 through 11 provide plots that assist in the 65 
selection of appropriate lens combinations. FIG. 6 A, a plot 
of field curvature/distortion, illustrates the position away 
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from the plane of the detector of best focus for all field 
angles expressed as distance in millimeters. For example, for 
a field angle of ±13** off-axis, the position of best focus is 
2,00 mm behind the detector 206. For all other angles, the 
plane of best focus corresponds very closely to the detector 
206 location. 

FIG. 6B plots percentage compression or expansion with 
field angle and provides the amount of compression or 
expansion of a bar width at the image plane in comparison 
with the true bar width expressed as a percentage. For 
example, if the true bar width on- axis is 6 mils wide, then at 
11° off-axis, the bar width is 1.5% greater than 6 mil. 

Illumination uniformity as a function of field angle is 
charted in FIG. 7. The field angle values given in the plot are 
positive or negative angles with respect to "on-axis", so that 
the total field of view would be twice that value plotted, e.g., 
for 15", the total field of view is 30°. The loss of illumination 
at increased field angle is due to aperture blockage or lens 
constraints. 

FIG. 8 is a plot of the diffraction through focus modula- 
tion transfer function (MTF). Five separate lines are drawn 
to indicate variation with field angle. Curve A shows the 
contrast reduction as the object is held at best focus while the 
image plane is moved in and out of focus for a field angle 
of 0°. (The X-axis of the plot is focus shift in millimeters.) 
For example, for a 30 line/ram resolution image target, the 
contrast goes to zero when the image plane is moved in or 
out by more than 2.00 mm. Curves B and C are for a field 
angle of ±7.5° off-axis. Curve B is for sagittal rays and curve 
C is for tangential rays. Tangential rays only are images for 
the one-dimensional scanner, while two-dimensional scan- 
ner images use tangential and sagittal rays. Curves D and E 
are similar to curves B and C, respectively, but are for a field 
angle of ±15° off-axis. 

FIG. 9 is a plot of diffraction square wave MTF with 
spatial frequency of the symbols (bar codes, etc.) to be read. 
Curve A provides the contrast of the optical system for all 
spatial frequencies at a distance of 5.5" for objects on-axis 
(0°), The plot is the same for tangential and sagittal rays for 
the on-axis case only for rotationally symmetric systems. 
Curve B is for a field angle of ±7.5° and curve C is for a field 
angle of ±15°. 

FIG. 10 is a plot of diffraction square wave MTF with 
spatial frequency of the image being read. Curve A is 
resolution with the scanner 20" from the symbol, on-axis 
(0°). Curves B, C and D are for on-axis, ±7.5° and ±15°, 
respectively at a distance of 16 inches from the image. 
Curves E, F and G are for on-axis (0°), ±7.5° and ±15°, 
respectively at a distance of 0.5" from the image being read. 
FIG. 11 is a plot of resolution on-axis at 8.5" and 2", 
respectively, from the image. 

A first embodiment of the detector 206 of the present 
invention is described in U.S. Pat. No. 5,354,977, incorpo- 
rated herein by reference. That first embodiment comprises 
a CCD detector having an array of charge coupled devices 
(CCDs) arranged in equally spaced pixels. The CCD detec- 
tor may include additional processing elements, as described 
in the above patent. The arrangement of the CCD array 
depends on the application, for example, two-dimensional 
scanning versus one-dimensional scanning. Such CCD 
detectors are well-known in the art. 

Selection of a CCD array depends on a variety of param- 
eters. First, to obtain optimum performance, a calibration of 
the dark levels and shading correction must be made. 
Second, a shading correction frame, or flat field, is required 
to make correction for variations in system responsivity. 
These parameters are both described in U.S. Pat. No. 5,354, 
977. 
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The third parameter influencing selection of the CCD are among those that may be used: Sony part no. 

array is the signal-to-noise ratio of a given device. In one 1CX024BL-6 (A^^lZl ^m^); Sharp part no. LZ2364J (A^,- 

embodiment, a Sony ILX505 was evaluated. The system 40.95 ^am^); Texas Instruments part no. TC237 (Ao-54.76 

parameters using the ILX505 are: ^m^); Kodak part no. KAI-0310 (A^-Sl //m^). 

CCD sensitivity S: 21 V/Ix-s at 3200 K light source; 5 end-to-end simulation of an imaging CCD array 

CCD relative spectral response: 1.0 at 475 nm, 0.65 at 650 reading a high spatial resolution target can be simulated by 

nm; treating the individual system components as a Fourier 

Read out rate t: 36 frames/sec or integration time of 27.7 transform operator on the input optical signal. The four main 

msec; components are the input image or barcode, the optical lens, 

Dark voltage: 0.3 mV; readout decoder electronics, and the CCD array. Because 

LED area A • 2x10"^ m^- operations occur in the spatial domain, the overall system 

r r-i-. • . t^T Af^f^r, J \ transfer function is the product of the individual compo- 

LED intensity I: 4000 racd at 650 nm; r™ . j n 

^ nents. The function is expressed mathematically as: 
LED solid angle illumination co: 8.0 deg or 0.015 stera- 

0(f)^Iif)L(f)R(f)CCD(f), (7) 

0,9 

1.5x10"'' m^; where 0(f) is the output signal in spatial domain for a 

Bar code reflectance R^: 0.50; degraded target; 1(f) is the input target spatial frequency 

Total Optical System Transmission (at 650 nm) To=0.70; 20 dependent on the smallest image; L(0 is the lens spatial 

Optical system ^number: 22.0. '"'^1'''^''° °' electronics or transfer 

The applicable conversions are: ^TF; and CCD(f) is the CCD spatial frequency or CCD 
The CCD sensitivity at 650 nm is 21 V/Ix-sxO.65-13.65 

V/Im/m^/s;thetotalintensityIoftheLEDsis8.01umens/ ^5 ^''''^ geometry of the CCD array, 
sr for two LEDs only. 

ITie total brightness onto the diflPuser is: MTF-sinJ 1 

B = (liO/llALED) (3) 

= {8.0)(.oi5)/;r(2xio-') where: 

= l.905lum.ns^m^-.r. p=ceU periodicity 

x=cell dimension in the x-direction 
^ , , . L . J . . L fm^"l/p when p-x. 

The total rum.nat.on onto the bar code .s given by: 35 p^„^ jj^^^^y^ (^,^ ^„,p„( ^.^^^ j„ ^^^^-^ f^^. 

quency must have a value of 0.1 for useful discrimination, 
i.e., O(f)-0,l. Therefore, if I(f)-0.55 (the contrast of the dark 
= (.9X1905)(1.5 x l0-^)/(.l77)2 to light bars at 0.660 /im), R(f)=0.95 and CCD(f)«0.95 then 

L(f) must be >0.20 for all positions of the image object 

= 8.21 lumcns^m2-.jr, position. 

The above includes all system components that can 

where R is the distance from the diffuser to the bar code. The degrade the resolution of a perfect image or barcode. A term 

luminance L, therefore, is about 8.2 lumens/m^-sr at a is added to include the magnification effect that occurs for a 

distance of 7 inches away. 45 finite object as its distance to the first lens siu'face is varied. 

When the optical system images the bar code onto the The limiting discernable image element or bar size is equal 

CCD, the final luminance is given by: to its object size times the optical system magnification. For 

example, for a 0.006 inch (0.150 mm) object element or bar 

jiLT^ (5) and a system magnification of 0.5, the image element or bar 

^^^^ ~ ~4(///w.)2(i 4•m)^ 50 size is 0.075 mm. This is the same as 26.66 1/mm. Therefore, 

the lens must have the response L(26.66)=0.2, which can be 

. , . r« .11 • . .1. expressed mathematically as: 

where m is the system magnification. The illummation at the *^ 

CCD is about 6.0E-3 lumens/m^ for a magnification of 0.3. i(2/objxmag)>0.2 (9) 

The CCD converts the illumination into a voltage signal 

given by the foUowing equation: ^^,^^6 obj is the x-dimension of the smallest image element 

or bar to be read; and "mag" is the magnification for the 
optical system. 

where S is the sensitivity and t is the integration time. The The image of a point formed on an x, y plane can be 

result above indicates a signal of about 2.0 mV and, 60 calculated as a modulation transfer function in spatial fre- 

therefore, a SNR of 6.67 for a readout rate of 36 frames quency. If P(x,y) is, by definition, the point spread function, 

(scans) per second. that is the distribution of points of ray intercepts at the image 

llie inventive scanner is not limited to the CCD array for plane, then the line spread function is the integral of the 

which specifications are provided above. Other arrays may point spread function in one direction. Therefore, 

be selected depending upon intended use, data transfer rate, 65 

and desired detector area, among other factors that will be L{x)-lP{x,y)dy. (lo) 
apparent to one skilled in the art. The following CCD arrays 



dS t, (6) 
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The modulation transfer function (MTF) which determines 
the spatial resolution in one direction is given by: 



where, 



(11) 



(12) 



As{f) = 



}Ux)dx 

J Ux)smi2nfx)dx 
JUx)dx 



(13) 
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If the origin of the x,y coordinates is placed at the centroid 
of P(x,y), then the function A^(f)-*0. The expression for 
MTF can be approximated by: 



\Jux)x'dx] 
lfUx)dxi 



(14) 



The range over which an imaging reader can function is 
dependent upon four variables, which are: 1) input spatial 
frequency of the image being read, 2) resolution of the 
optical lens, 3) resolution of the CCD array, and 4) contrast 
of the image being read. With the assumption that high 
quality images will be read, the contrast can be considered 
to be 1.0 over all spatial frequencies. (For poor quality 
images, the contrast can drop to a value of 0.5 over all spatial 
frequencies.) The CCD array with an 11 micron pixel pitch 
and spacing has an MTF of approximately 1.0 over the 
spatial frequencies that correspond to commonly used bar- 
codes and images. (For a CCD array with an 8 micron pitch 
and spacing, the MTF would be slightly higher but almost 
the same, because images are being read with a spatial 
frequency of less than 20 line pairs per millimeter.) The two 
variables left as a function of each other are the image spatial 
frequency at the image plane and the degraded resolution of 
the lens as a function of object position. Because objects are 
being imaged over finite extents, the magnification (or 
reduction) at the image plane must be computed over the 
expected object distances. 

The magnification of a lens system having a focal length 
of f=35 mm and with a nominal 30 degree total field of view 
used with a 28.5 mm CCD array was computed from exact 
ray tracing over a range of object distances corresponding to 
0.5 inches to approximately 20 inches from the front surface 
of the scanner. The magnification is selected so that, for a 
given distance, the complete area of the CCD array is filled 
up with the image. This efficient use of the detector allows 
the maximum possible depth of field. These magnifications 
are listed in Table 6. The resulting spatial frequency in lines 
per millimeter is given by: 



/*^,-l/(magiiification)(bar width). 



20 



or A^(f)=l-2ji^?B/, where is the rms blur of L(x). The 
relation between the point spread function P(x,y) and the 25 
rms bliir of the image point is given by: 



(15) 
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(16) 



This, in effect, determines the minimum spatial resolution 
that must be decoded. For example, for a 13 mil (0.013") 65 
barcode at a distance of 4 inches from the scanner head, the 
optical resolution must be greater than l/(0.38)(0.33 mm), 
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or, 8 line pairs/mm. See FIG. 9 which shows that at 8 line 
pairs/mm, the contrast for a square wave (barcode) input of 
0.91 meets the criteria of having a contrast greater than zero. 

The resolution of the optical system for any object dis- 
tance is determined from a square wave modulation transfer 
function calculation. This is the Fourier transform of the 
image spot size for a square wave input (i.e., bar target or bar 
code), which yields the spatial frequency of the spot size in 
lines/mm. This degraded resolution (for an object not at best 
focus) must be greater than the minimimi required resolu- 
tion. For example, a maximum resolution in excess of 20 
lines/mm for an object distance of 4 inches is shown in FIG. 
9. This would mean that all images and barcodes are capable 
of being decoded at this object distance, since the highest 
minimum resolution required is 17.5 lines/mm (for a 6 mil 
barcode). Table 6 shows that the maximum number of the 
highest resolution necessary to decode an image or barcode 
of 6 mil or lower density should be 17.5 line pairs at 4 
inches. FIG. 9 is the imaging diffraction square wave MTF 
at 5.5 inches from the scanning head, which shows the 
spatial resolution for all frequencies (or bar densities) at 4 
inches for a 20 line pair/mm code is 0.78, which is greater 
than zero and can thus be decoded at 4 inches. As another 
example, at 2 inches away, the maximum resolution is zero 
at approximately 5.5 lines/mm. Point B on Table 6 shows all 
barcodes can be decoded except the 6 mil barcode because 
it has a minimum necessary resolution of 11.3 fine pairs/mm, 
whereas all other barcodes have a minimum necessary 
resolution less than 5.5. 

TABLE 6 



Distance 
(inches) 


mag. 


minimum resolution required flines/mml 


6 mil 


13 mil 


30 mil 


44 mil 


72 mU 


0.5 


2.1 


3.1 


1.4 


0.6 


0.5 


0.3 


1.0 


1.1 


6.0 


2.7 


1.2 


1.0 


0.5 


1.8W 


.59 


11.5 


5.1 


2.2 


1.9 


0.9 


2.4 


.51 


13.1 


5.9 


2.6 


2.2 


1.1 


3.4 


.42 


15.9 


7.2 


3.1 


2.7 


1.3 


4.0<^> 


.38 


17.5 


8.0 


3.4 


2.9 


1,4 


4.4 


.36 


18.5 


8.4 


3.6 


3.1 


1,5 


5.4 (nominal) 


.31 


21.5 


9.8 


4.2 


3.6 


1.8 


6.4 


.28 


23.8 


10.8 


4.7 


4.0 


2.0 


7.4 


.25 


26.7 


12.1 


5.3 


4.5 


2.2 


8.4 


.23 


29.0 


13.2 


5.7 


4.8 


2.4 


9.4 


.21 


31.7 


14.4 


6.3 


5.3 


2.6 


10.4 


.19 


35.0 


15.9 


6.9 


5.9 


2.8 


11.4 


.18 


37.0 


16.8 


7.3 


6.2 


3.0 


12.4 


.17 


39.2 


17.8 


7.7 


6.6 


3.2 


13.4 


,16 


41.7 


18.9 


8.2 


7.0 


3.4 


14.4 


.15 


44.4 


20.2 


8.8 


7.5 


3.6 


15.4 


.14 


47.6 


21.6 


9.4 


8.0 


3.9 


16.4 


.13 


51.3 


23.3 


10.1 


8.6 


4.4 


17.4 


.125 


53.3 


24.2 


10.5 


8.9 


4.6 


18.4 


.12 


55.5 


25.2 


11.0 


9.3 


4.6 


19.4 


.115 


58.0 


26.4 


11.4 


9.7 


4.8 



By utilizing the information provided in Table 6 and in 
FIGS. 6-11, it is possible to determine the criteria for 
acceptable resolution of any given barcode or image at 
distances of up to 20 inches and field angles up to ±15° (total 
field of 30°), thus allowing the scanner to be set up with 
fixed focus optics which do not require adjustment for 
different scans. This wide field of view also allows barcodes 
and images to be read at a range of pitch and skew angles 
without requiring perfect alignment of the scanner with the 
surface on which the image or barcode is aflSxed. 

A second embodiment of the detector 206 which provides 
the advantage of more economic construction comprises a 
CMOS detector, as is well-known in the art. For example, a 
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CMOS detector is disclosed in an article by Oliver Vellacott, 
IEEE REVIEW, May 1994, at 111, The CMOS detector 
disclosed therein includes a plurality of MOS transistors, 
each of which represents a pixel. The source region of each 
MOS transistor is exposed to form an array of photodiodes 5 
for sensing incident light and converting it into a current or 
electrical signal. The electrical signal gradually discharges 
the gate capacitance of the MOS transistor, and the pixel is 
then read by opening the gate, thus connecting the photo- 
diode to the MOS transistor drain. 

As embodied herein, the CMOS detector 206 comprises a 
CM OS- VLSI unit for detecting and storing images and 
having an array of 312 by 287 or more pixels. Detectors with 
512 by 512 pixels are anticipated. The pixel size is 19.6 by 
16.0 microns, and the detector has exact 1:1 pixel corre- 
spondence between the physical silicon photodiodes and the 
pixel byte in storage. The unit has automatic exposure, with 
an exposure range of 40,000:1, a maximum exposure time of 
20 milliseconds, and a minimum exposure time of 500 
nanoseconds. The detector unit is omnidirectional, with 25% 
absolute dark/light reflectance minimum measured at 660 20 
nanometers. At 18 inches from the optical scanning device 
100, the size of the scan pattern is 8.5 inches by 8.5 inches. 
A minimum scan size is Vi" by Vi". The CMOS unit has 128 
K of flash random access memory (RAM), with an addi- 
tional 128 K of flash RAM optional, as well as 128 K of 25 
volatile "image storage" RAM, with an additional 64 K of 
volatile RAM available. Framing of the scanning pattern to 
facilitate detection of the scan frame is accomplished via 
holographic diflfusers generating two parallel lines indicat- 
ing the field of view and the central x-axis of the detector 
206. 

The CMOS detector 206 may be equipped with automatic 
calibration functions, including automatic exposure control 
(AEC), automatic gain control (AGC), and automatic black 
level calibration. Those functions are described in detail in 
U.S. Pat. No, 5,354,977, incorporated herein by reference. 35 
For AEC, the CMOS detector 206 automatically controls its 
exposure over a range of 40,000:1, This is the main mecha- 
nism for adjusting sensitivity to track varying picture con- 
ditions. Control is achieved by varying the integration time 
prior to reading each row of pixels. This integration time can 40 
be as long as one field, or as short as three cycles of the pixel 
clock. If necessary, the exposure time can be varied (for 
example, in steps of 6.26%) in the appropriate direction imtil 
the correct exposure for the scene is obtained. The exposure 
time for each row is preferably the same; but as exposure 45 
immediately precedes readout, the onset of exposure is 
different for each row. Thus, as those skilled in the art will 
appreciate, the overall effect of short exposure times is 
similar to the operation of a focal-plane shutter. 

The CMOS detector 206 automatically calibrates video 50 
black level for every field, tising extra pixel rows that are 
shielded from incident light. Black level calibration can be 
inhibited, in which case an internal bias voltage sets a 
nominal black level. This bias voltage can be overridden 
externally on a pin on the optical scanner 100 for fine 55 
adjustment. Automatic black-level calibration is effectively 
and offset control on the video output amplifier. 

The output gain of the CMOS detector 206 may be 
controlled digitally via a 7 to 8-bit binary integer, which 
effectively forms a divisor in the range of 1 to 127 to 256. 60 
The top three bits are available to the user of the optical 
scanner 100. The top bit (bit 7) is preferably pulled low. The 
next two bits (i.e., bits 5 and 6), when left unconnected, 
default to values that optimize the gain setting for normal 
operation of the optical scanner 100. By driving selected 65 
bits, the user may customize the default gain setting, or "gain 
base." 
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AGC operates in the region above the gain base. If AGC 
is at low voltage, the CMOS detector 206 automatically 
increases the gain of its output stage when exposure is 
maximum and the picture is still too dark. For example, a 
threshold gain level can be provided for the electrical image 
signal obtained from the CMOS detector 206. If the actual 
electrical image signal detected by the CMOS detector 206 
falls below this threshold value, the electrical image signal 
can be amplified to increase it above the threshold value. 
Otherwise, gain is maintained at its calibrated base value, set 
by bits 5 and 6, as described immediately above. The control 
range for AGC is greater than +10 dB over the minimum 
gain base. In the exemplary embodiment, the AGC is 
available from Sony as part no. CXA1690Q. 

The compressor 104 of the present invention may use a 
conventional data compression algorithm to compress the 
electrical image signal generated by the detector 206. For 
example, one such algorithm is disclosed in Tom Hopper, 
"Wavelet Applications," SPIE Proceedings 2242, at 180-85 
(Harold H. Szu, ed. 1994). As those skilled in the art will 
understand, other algorithms may be used. The compressor 
104 may comprise a processing circuit having the algorithm 
implemented in circuitry, software, or a combination of the 
two. 

The optical scanner 100 of the present invention also 
includes the decoder 106. The decoder 106 may be either 
inside or outside of the scanning head housing and will 
process the digitized signal generated in the scanning head 
and compressed by the compressor 104 to calculate the 
desired image data representative of the scanned two- 
dimensional image 108. 

The decoder 106 is used to decode a multiple-digit 
representation of the two-dimensional images, such as 
Maxi-Code, DATA MATRIX, Code One, and Code 16K, as 
well as linear symbologies such as UPC, EAN, JAN, Code 
39, Code 2/51, Code 2/5, Code 128, Codabar, Plessey, and 
other optical encoding systems. (It should be noted that, 
while most optical encoding techniques of this nature are 
generically called "barcodes", some types of printed codes 
exist which may not be in the form of parallel bars. For 
example, a concentric target-type code is in use which 
involves alternating concentric rings of varying widths. The 
code systems that incorporate non-bar-type codes are also 
appropriate for measurement by the optical scanning system 
described herein and are considered to be included in the 
general category of barcodes for purposes of this 
description.) The decoder 106 may also be used to decode 
the two-dimensional image 108 and convert it into image 
data representative of the two-dimensional image 108. The 
decoder 106 is further described in U.S. Pat. No. 5.354,977, 
incorporated herein by reference. 

Once decoded, the image data can be converted into a 
barcode symbol or other means for communicating infor- 
mation. For example, referring to FIG. 14, the image data 
can be output from the decoder 106 and sent to a converter 
1402 where it is converted into a two-dimensional barcode 
symbol. The barcode symbol may then be output to a variety 
of peripheral units, including a printer 1404, a display device 
1406, or a computer 1408. If the barcode symbol is printed, 
it can be affixed to a box, or card, allowing the image to be 
conveyed in a barcode format for identification purposes and 
other purposes. 

The embodiment of FIG. 3 is further illustrated in FIG. 
15, a cut-away view of the optical scanner 102. This second 
embodiment includes a pair of LEDs 1502', 1502", a pair of 
cylindrical lenses 1504' and 1504", an optical module 1512, 
a CMOS detector 1506, and, optionally, a window 204. 
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Those elements may be attached to the PCB 201. Each LED 
1502', 1502" is contained in a separate enclosure 1514, 

1516, respectively, within dark room 210 by barriers 1515, 

1517, which isolate the light emitted from each LED 1502', 
1502" from that of the other LED and from the optical 
assembly 1512 and the CMOS detector 1506. At the front of 
each enclosure 1514, 1516, disposed forward of the LEDs 
1502', 1502", are the cylindrical lenses 1504', 1504". The 
cylindrical lenses 1504', 1504*' focus the light emitted from 
the LEDs 1502', 1502'* into vertical planes of light 1518, 
1520. The two vertical light planes 1518, 1520 (each one 
formed by a respective LED-cylindrical lens combination) 
create lines of light at target 108 which are used for framing 
a scanning boundary 1522 of the optical scanner 102. Thus, 
when reading a two-dimensional image, the optical scanner 
102, via the LEDs 1502', 1502" and the cylindrical lenses 
1504', 1504", generates the scanning boundary 1522, which 
is formed by the vertical light planes 1518, 1520, and in 
which the two-dimensional image must lie in order to be 
read by the optical scanner 102. Accordingly, the vertical 
light beams 1518, 1520 frame the scanning area and create 
a means by which the optical scanner 102 can be aimed at 
the target two-dimensional image. 

Once the two-dimensional image is brought within the 
scanning boundary 1522, the CMOS detector 1506' can be 
used to sense and process light reflected from the two- 
dimensional image. In this second embodiment, the LEDs 
1502', 1502" and cylindrical lenses 1504', 1504" are used 
only to frame the scanning boundary 1522 and not to 
illuminate the two-dimensional image, unlike in the first 
embodiment of FIG. 2, where the LED array 202 is used to 
illuminate the two-dimensional image. Thus, in the second 
embodiment, only reflected ambient light is needed by the 
CMOS detector 1506 to detect the two-dimensional image. 
Such operation is distinct from the first embodiment, in 
which both ambient light and the light emitted by the LED 
array 202 is reflected off the two-dimensional image, per- 
mitting it to be read by the detector 206. Those skilled in the 
art, however, will recognize that this first embodiment may 
incorporate the LED array 202 of the first embodiment in 
addition to the framing LEDs 1502', 1502". In this way, the 
two-dimensional image would be illuminated by the LED 
array 202 in addition to the ambient light, which may be 
usefiil in conditions where the ambient light is minimal. 

The embodiment of FIG. 15 also includes the lens assem- 
bly 1512. The lens assembly 1512 of the second embodi- 
ment is a fixed focus optical arrangement that serves to focus 
the ambient light reflected from the two-dimensional image 
and is disposed forward of the CMOS detector 1506 so that 
the reflected ambient light is fociised onto the sensing 
surface of the CMOS detector 1506. Lens assembly 1512 is 
similar to the lens assembly 212 described in connection 
with the first embodiment of FIG. 5. In the second 
embodiment, however, the bandpass filter 510 may be 
omitted from the lens assembly. This is because, in the first 
embodiment, the illuminating LED array 202 operates at 
660 nm, with the bandpass filter 510 serving to block any 
radiation falling outside a wavelength range centered around 
660 nm. In the second embodiment, on the other hand, 
reflected ambient light is delected by the CMOS detector 
1506, and such fight is not limited a particular wavelength. 
Accordingly, the lens assembly 1512 need only have a 
selection of lenses, such as those shown in FIG. 5, although 
the lens assembly 1512 may include additional elements, 
such as the spatial filter 512 and the fight absorber/dififiiser 
1202. 

llie lens assembly 1512 and CMOS detector 1506 may be 
isolated from the fight emitted by the LEDs 1502', 150" by 
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the barriers 1515, 1517. Thus, the emitted fight from the 
LEDs 1502', 150" does not enter a chamber 1524 containing 
the lens assembly 1512 and CMOS detector 1506, prevent- 
ing deleterious mixing of the ambient fight reflected from 

5 the two-dimensional image with the LED emitted light. It is 
desirable for only the reflected ambient light to enter the 
chamber 1524. The window 1513 (similar to the window 
204 described above) may be incorporated into the second 
embodiment and located forward of the lens assembly 1512. 
The reflected ambient fight passes through the window 
1513, is focussed by the lens assembly 1512, and reaches the 
CMOS detector 1506. Upon being sensed and processed by 
the CMOS detector 1506 to obtain an electrical signal 
representative of the two-dimensional image being read, the 
second embodiment of the optical scanner 102 operates like 

15 the first embodiment described in detafl above. 

In addition to the frame locator of the embodiment of FIG. 
15, frame locators may be provided by the addition of one 
or more laser diodes which emit light in the visible spectrum 
to the optical scanning device. These laser diodes are 

20 moimted on the PCB with the other optical and electrical 
components, with voltage for powering the laser being 
provided by means similar to that for the LEDs, as is known 
in the art. 

A first variation of the frame locator using a laser diode is 

25 illustrated in FIG. 16. Laser diode 1601 is placed offset from 
the optical axis 1603 of detector 1602. A dififractive optic 
1606, either a diffraction grating (or pair of diffraction 
gratings) or a binary optic is located in the beam path of the 
laser diode 1601 to divide the beam into a plurafity of 

30 beamlets, preferably four, expanding the effective beam 
path, i.e., the spacing between the beamlets, at substantiaUy 
the same rate as the divergence of the field of view of the 
detector. Four beamlets are created by crossing two diffrac- 
tion gratings at 90** to each other to create a two-dimensional 

35 diffraction grating. (The beamlets are indicated with dashed 
fines.) The expansion provided by optic 1606 causes the 
beamlets to define the edges of the field of view at the closest 
focus position of 2 inches, thus indicating the general area 
of the field of view to allow the scanner to be aimed 

40 correctly. For this purpose, the laser diode 1601 is offset 
from the detector 1602 by 0.5 in. While this variation has the 
advantage of using only a single laser and minimal optics, 
the offset from the optical axis 1603 results in the dimen- 
sions of the iUumination area 1605 being larger than the area 

45 of the field of view 1604, so the indication of the frame is 
not completely accurate. (As illustrated, there is a 2,5 inch 
difference toward the upper portion of the illumination area 
for a field distance of 18 inches.) 
In FIG. 17, two laser diodes 1701 and 1702 are placed on 

50 either side of the detector 1703 so that they are centered on 
the detector's optical axis 1704. The beams emitted by lasers 
1701 and 1702 are divided into beamlets by diffractive 
optics 1707 and 1708 to coincide with the field of view 1705 
of the detector at the field distance of 18 inches. In this case, 

55 each of the diffractive optics is oriented in the same direction 
so that laser 1701 provides marks indicating the upper edge 
1709 of the field of view 1705, and laser 1702 provides the 
marks for indicating the lower edge 1710 of the field of view 
1705. However, when the field distance is shortened, the 

60 area defined by the spots of fight produced by the beamlets 
will be larger than the detector's field of view, and the 
illumination is not uniform across the target area and may 
interfere with scanning. In order to avoid errors in the 
detected signal, the variation in brightness should be 2:1 or 

65 less. 

Ilie variation of FIG, 18 provides a beam splitter 1802 to 
overlay the laser beam on the field of view 1808 by aligning 
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the beam with the optical axis 1807 of detector 1803, The 
beam emitted by laser diode 1801 is divided and expanded 
by diffracting optic 1804 before being redirected by beam 
splitter 1802. This system allows the diverging beamlets to 
match the edge of the field of view of the detector 1803. An 
identifying mark could be placed at the edge of the detector 
field by including an additional diffraction grating on or near 
the beam splitter 1802 to form another point along the edge 
of the beam, e.g., at 1805 and/or 1806. Acustom binary optic 
can be created to generate five beamlets, with the fifth 
beamlet providing the marker. A disadvantage of this system 
is that the beam splitter reflects 50% and transmits 50% of 
the light, so compensation should be made by selecting a 
suflBciently bright laser that 50% or less of the light intensity 
is sufficient to make the edge markers clearly visible. 

The fourth variation, illustrated in FIG. 19, combines 
diffractive or binary optics 1905 with a mirror combination 
1903a-t/ to create four spots for identifying the comers of 
the target area. The laser diode 1901 is expanded by optics 
1905 (illustrated here as crossed diffraction gratings) at an 
angle of ±13.3 degrees, to match the corners of the field of 
view. The minors 19Q3a-d are disposed on a plane of a 
transparent base mounting 1906 which allows reflected 
ambient and/or illuminating light to be transmitted through 
the base to the focussing optics 1904 and the detector 1902 
with no or minimal loss. The plane on which the mirrors are 
mounted is angled so as to direct the diverging beamlets 
along a path centered along the optical path. The optical 
coatings by which the mirrors 1903a— d are formed can be 
selected to optimize reflection of the laser beam's 
wavelength, as is known in the art. In this variation, illumi- 
nation for reading the scanned image may be provided by 
infrared LEDs 1907 mounted on either side of the frame 
locator assembly, so that the light from the frame locator can 
be readily filtered from the signal received by the detector by 
the appropriate bandpass filter. In the above variations, 
infrared LJEDs may also be used in combination with the 
visible laser light of the frame locator. By using IR, the 
illumination is invisible to the user, so that it is no difficulty 
in matching the field of view exactly, as long as the entire 
field of view is covered by the frame locator. 

For each of the above variations in which the laser beam 
is divided into diverging beamlets, the binary optics and/or 
diffraction gratings are conventional optical devices which 
are known in the art. All that is required is the transformation 
of a single collimated beam into a plurality of, and prefer- 
ably four, collimated beams that are diverging from the 
optical axis at an angle to match the expansion of the field 
of view at increasing distance from the device. A diffraction 
grating is ideally suited for this application since the first 
order beams should be of sufficient intensity to provide a 
pair of spots diverging in opposite directions. To provide 
four spots, two diffraction gratings can be overlaid at 90° to 
each other, using the first order beams generated by each 
grating. In order to align the spots with the comers of the 
field, the grating assembly should be rotated 45° with respect 
to the rows and columns of the detector array. 

With reference to FIG. 12, an application will be 
described in which the present invention may be used to 
read, verify and compare two-dimensional images. In this 
application, a banking institution uses the optical scanner of 
the present invention to identify a person using the banking 
facilities as an authorized customer. For example, when a 
person opens an account with the bank, he or she may elect 
to receive access to the bank's automatic teller machines 
(ATMs) 1602. ITie bank will then issue the person an ATM 
card 1604 for accessing ATMs 1602. It is necessary, each 
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time the person uses an ATM 1602, to verify that the person 
using the ATM card 1604 is the same person that was issued 
the ATM card 1604. 

One way to ensure that the person using the ATM card 
1604 is actually the person that holds the bank account is to 
use fingerprint comparison between the user and the account 
holder. To do this, when the account holder opens the 
account, the bank may read his or her fingerprint using the 
optical scanner 100 of the present invention, store the data 
representative of the fingerprint, and encode the stored data 
into some symbolic form, such as a one- or two-dimensional 
barcode symbol 1606. The encoded barcode symbol 1606 
can then be placed on the ATM card 1604, as shown in FIG. 
12, for later use. 

The coded ATM card 1604 can then be used for verifi- 
cation when the card user attempts to access an ATM 1602. 
Before being given access to the account holder's bank 
account, the ATM 1602 will ask the user to insert the ATM 
card 1604 into the ATM 1602. The user then inserts the ATM 
card 1604 into the ATM 1602, which is equipped with a first 
reader 1608 in accordance with the optical scanner 100 of 
the present invention, as well as an existing monitor and 
control system 1610. The card inserted by the user is not 
limited to an ATM card, but rather may be a credit card, etc. 
The monitoring and control system reads the account num- 
ber and other pertinent information from the ATM card 
1604, while the first reader 1608 captures the encoded 
barcode symbol 1606 from the ATM card 1604 and decodes 
it into the stored data representative of the fingerprint 
encoded in the barcode symbol 1606, This stored data is then 
sent through an RS232 interface 1612 to a central processor 
1614. Alternatively, the conversion may take place in the 
central processor 1614. 

The ATM 1602 then asks the card user to place his or her 
fingertip 1616 against a sensitive surface 1618, such as 
coated glass, that is electronically controlled to provide the 
proper contrast for the two-dimensional image (e.g., the 
fingertip 1616). Such sensitive surfaces or coated glass 1618 
are well known to those skilled in the art. A photodiode 
1623, or other type of photodetector, may be placed within, 
as described above, or in the vicinity of the reader, as shown 
here, to measure the amount of light reflected from the 
fingertip 1616 to determine the reader's exposure time for 
this particular image and to control the amount of additional 
illumination, if any, that should be emitted by the reader's 
light sources to ensure a clear image of the target. A second 
reader 1620 (also in accordance with the optical scanner 100 
of the present invention) captures the fingerprint 1622 from 
the fingertip 1616, compresses the captured fingerprint 
image, and converts it to image data representative of the 
fingerprint 1622. This image data is then sent over another 
RS232 interface 1624 to the central processor 1614. 

The central processor 1614 compares the image data read 
by the second reader 1620 to the stored data read by the first 
reader 1608. If the image data matches the stored data, the 
central processor 1614 verifies that the user is the same 
person as the account holder and gives the user access to the 
account. If, on the other hand, the image data and stored data 
do not match, indicating the user and the account holder are 
not the same person, the user is denied access to the account. 

Accordingly, the optical scanner 100 of the present inven- 
tion is a valuable tool in personal identification and verifi- 
cation of identity for various systems, including security, 
immigration, health care, industrial, and others. The optical 
scanner 100 can be used in a variety of applications, 
including reading two-dimensional images encoded on iden- 
tification cards (e.g., passports, drivers licenses, ATM cards, 
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etc.), as well as other two-dimensional images, such as 
fingerprints, photographs, and barcode symbols. In these 
applications two optical scanners 100 need not be provided; 
only one is necessary where the stored data is maintained in 
a memory 1526 that can be accessed by the processor 1514, 5 
or where the optical scanner 100 reads a first image, stores 
that image data, and then reads a second image. In contrast, 
additional optical scanners 100 can be provided where 
several means of identification or several images must be 
read, 

The circuitry of the optical scanner 100 may be protected 
within a housing that is contoured to easily fit into a person's 
hand. The optical scanner 100 is gripped at a handle portion, 
with the window portion 204 of the optical scanner 100 
aimed at the two-dimensional image to be read. A trigger 
may be built into the handle for easy, one-handed operation 
of the optical scanner 100, with the trigger being positioned 
at a short distance from the user's fingers so that activation 
is simply a matter of depressing the trigger. A dual trigger, 
multi-position trigger, or additional switch may be provided 
for selecting between one-dimensional and two-dimensional 20 
scanning, so that only as much power is used as is necessary 
to assure a high quality signal. The window portion 204 can 
be placed anywhere from 0 to 18 inches above or in firont of 
the image to be scanned. With a scanning distance of less 
than seven inches, it is desirable to center the fan of fight 25 
over the image. This is because difl:erent light intensities, 
due to the sequential limitation of the LEDs and the higher 
density of light at the center of the fan, may illuminate some 
portions of the image more brightly than others. For scans 
greater than 182 inches, the LEDs can be replaced with a 30 
flash lamp or a more intense light source. 

The optical scanner 100 of the present invention provides 
a device for building a smaU or self-contained portable 
device, a portable component of a multi-component scanner, 
or the optical portion of a built-in scanning unit, for two- 35 
dimensional image scanning using LED and CMOS or LED 
and CCD technology. In either implementation, CMOS or 
CCD, the present invention is an economical device. But, by 
combining a CMOS decoder with the LED array in accor- 
dance with the present invention, the optical scanner 100 is 40 
made extremely inexpensive and cost-effective. The optical 
scanner 100 is capable of reading bar codes up to 18 inches 
away from the detector with LED illumination and even 
more with a flash lamp, so that it is versatile for either 
portable or fixed implementation. The variably pulsed acti- 45 
vation of the LEDs and CMOS or CCD array, or the 
graduated illumination of the LEDs, makes the device 
capable of operating at low power with minimal power drain 
during illumination, a significant factor in portable scanners. 
The lens system and fan of incoherent light produced by the so 
LED array permit the reading of wide range of images. 

For point-of-sale use, or industrial applications, where the 
scanner is fixed and the object imprinted with the two- 
dimensional image is moved past it, a single scanner may be 
used, or a number of optical scanners 100 of the present 55 
invention can be used in combination and mounted at 
different angles so that, regardless of the orientation or 
position of the image, it can be read. For example, a crossed 
or starburst pattern can be made by combining two or four 
optical scanners 100, respectively. The signal generated by 60 
each individual optical scanner 100 will be compared with 
signals from the other optical scanners 100, and the signal 
with the least error will be used. The signals from each 
optical scanner 100 may also be used to double check the 
signals provided by other optical scanners 100. 65 

It is important to note that certain embodiments of this 
invention, an optimization of useful illumination from the 
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LEDs is accomplished by a combinafion of focusing and 
diffusing the light to shape the beam to cover the field of 
view of the lens system. In the case of one-dimensional 
barcodes, it is a uniform linewidth of an extent that matches 
or overlaps the length of the barcode. In the case of 
two-dimensional codes and images such as signatures or 
fingerprints, it is a uniform circle or rectangle circumscrib- 
ing the extent of the code in height and width. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made in the apparatus 
and method of the present invention without departing form 
the spirit or scope of the invention. Thus, it is intended that 
the present invention cover the modifications and variations 
of this invention, provided they come within the scope of the 
appended claims and their equivalents. 

What is claimed is: 

1. A frame locator for indicating a field of view of a 
two-dimensional image detector in an optical scanner, the 
frame locator comprising: 

a first light source disposed within the optical scanner and 

directed to illuminate at least the field of view; 
a diffractive optical element; and 

a second light source disposed within the optical scanner 
and directed to illuminate the diffraction element; 

wherein the light illuminating the diffraction element is 
diffracted into a pattern that substantially identifies at 
least a width of the field of view. 

2. The frame locator of claim 1, wherein the light illumi- 
nating the diffraction element is diflOracted into a pattern that 
substantially identifies a boundary of the field of view. 

3. The firame locator of claim 1, wherein the second light 
source comprises a laser. 

4. The frame locator of claim 3, wherein a laser beam 
emitted by the laser is aligned with an optical axis of the 
image detector. 

5. The frame locator of claim 1, wherein the second fight 
source and the image detector are mounted on a common 
substrate. 

6. The frame locator of claim 1, wherein the diffractive 
optical element is selected from the group consisting of a 
diffraction grating and a binary optic. 

7. The firame locator of claim 1, wherein the first fight 
source comprises at least one LED. 

8. The frame locator of claim 7, wherein frame locator has 
left and right sides, the first fight source comprises first and 
second LEDs, the first LED is positioned generally adjacent 
the left side of the frame locator, and the second LED is 
positioned generally adjacent the right side of the frame 
locator. 

9. The frame locator of claim 1, wherein the first fight 
source comprises an infrared fight source and the second 
fight source comprises a visible fight source. 

10. The frame locator of claim 1, wherein the first light 
source comprises at least one infrared LED and the second 
fight source comprises a laser diode. 

11. An optical scanning device for reading indicia in a 
two-dimensional image comprising: 

a two dimensional image detector; 

an optical assembly comprising at least one lens and 

positioned to focus fight from a two dimensional field 

of view onto the image sensor; 
a decoder receiving data from the image detector and 

providing as output a decode information of an imaged 

bar code symbol; 
a first light source disposed within the optical scanner and 

directed to illuminate at least the field of view; 
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a diffractive optical element; and 

a second light source disposed within the optical scanner 

and directed to illuminate the diffraction element; 
wherein the light illuminating the diffraction element is 

diffracted into a pattern that substantially identifies at ^ 

least a width of the field of view. 

12. The device of claim 11, wherein the light illuminating 
the diffraction element is diffracted into a pattern that 
substantially identifies a boundary of the field of view. 

13. The device of claim 11, wherein the second light 
source comprises a laser. 

14. The device of claim 13, wherein a laser beam emitted 
by the laser is aligned with an optical axis of the image 
detector. 

15. The device of claim 11, wherein the second Ught 
source and the image detector are moimted on a common 
substrate. 
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16. The device of claim 11, wherein the diffractive optical 
element is selected from the group consisting of a diffraction 
grating and a binary optic. 

17. The device of claim 11, wherein the first Ught source 
comprises at least one LED. 

18. The device of claim 17, wherein frame locator has left 
and right sides, the first light source comprises first and 
second LEDs, the first LED is positioned generally adjacent 
the left side of the frame locator, and the second LED is 
positioned generally adjacent to the right side of the firame 
locator. 

19. The device of claim 11, wherein the first light source 
comprises an infrared light source and the second light 
source comprises a visible Ught source. 

20. The device of claim 11, wherein the first light source 
comprises at least one infrared LED and the second light 
source comprises a laser diode. 

* ♦ * ♦ * 
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